oo 

SO 



PATENT SPECIFICATION 

21) Application No. 5529/73 (22) Filed 5 Feb. 1973 

31) Convention Application No. 224 323 

32) Filed 7 Feb. 1972 

31) Convention Application No. 308 302 

32) Filed 20 Nov. 1972 in 

33) United States of America (US) 

44) Complete Specification published 31 Dec. 1975 

51) INT CU C07C 87/28; A61K 31/13//C07P 7/10 

52) Index at acceptance 

C2C 1236 1300 1673 200 211 213 215 220 226 227 22X 22Y 
246 253 25 Y 280 29X 29 Y 305 30Y 323 32 Y 342 34Y 
351 352 353 360 363 366 368 36Y 373 37Y 43X 509 
50Y 583 613 620 623 625 62X 650 652 662 682 699 
761 767 779 790 79Y KH LF LK LLNMNNRL RN 
C3S 3A 3B 6 7D 
(72) Inventors WILLIAM J, HOULIHAN and JEFFREY 

NADELSON 



w 1 419 681 




(54) AMINO ALKYL-DIBENZOCYCLOHEPTENE 

DERIVATIVES 

q ■ (7 iP a ^ SANE >OZ LT P- of 35 Lichtstrasse, 4002 Basle, Switzerland, a 
Swiss Body Corporate, do hereby declare the invention, for which we pray that a 
patent may be granted to us, and the method by which it is to be performed, to be 
particularly described in and by the following statement: — 

The present invention relates to novel dibenzocycloheptene derivatives 

The invention provides compounds of formula I, 



NCH 2 CH 2 




10 



in which K x signifies hydrogen or fluorine 

R 2 signifies hydrogen or fluorine, and 
_ u . ^3 and R 4 independently signify methyl or ethyl. 
The invention also provides a process for the production of compounds of 
formula I, which comprises 

a) dehydrating a compound of formula II, 



10 



15 



NCH 2 CH 




U 



in which R x to are as defined above, 

b) treating with sodium hydride, in the presence of an inert organic solvent, a 
compound of formula III, 



15 



[Price 3Sp] 
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2 




ui 



CH 3 



in which Ri to R 4 are as defined above, 

c) treating with lithium, in the presence of liquid ammonia and in the absence 
of oxygen, a compound of formula IV, 




in which to R, are as defined above. 

d) treating with triphenylphosphine a compound of formula V, 



R 3 




V 



in which R x to R 4 are as defined above, 

e) treating with methyltriphenylphosphonium bromide and sodium hydride, in 
the presence of dimethyl sulphoxide, a compound of formula VI, 




VI 



in which R x to R 4 are as defined above. 

In process variant a), the dehydration is suitably carried out using a 
dehydrating agent such .as a dilute or concentrated mineral acid, e.g. sulphuric 
acid or hydrochloric acid, 1M to 5M sulphuric acid being especially preferred, and 
it is preferred not to use nitric acid; iodine; phosphorus oxychloride; thionyl 
chloride; an alkyl- or aryl- sulphonyl chloride such as methanesulphonyl or 
be nzenesul phony! chloride; or a solid inorganic or Lewis acid such as potassium 
bisulphate, boric acid, aluminium oxide and silicon dioxide. When phosphorus 
oxychloride, thionyl chloride or an alkyl- or aryl- sulphonyl is used, it is preferred 
that the reaction be carried out in the presence of an acid binding agent such as a 
lower alkyl tertiary amine, e.g. triethylamine. When one of these dehydrating 
agents, of a solid inorganic or Lewis acid, is used, the reaction is preferably carried 
out in an inert organic solvent, especially a hydrocarbon such as benzene or 
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toluene. The reaction is suitably carried out at from 50° C to the reflux 
temperature of the reaction mixture, preferably at reflux. Reaction times are 
generally from 1 to 24 hours, under preferred conditions 1 to 4 hours, 

Tn process variant b\ the inert organic solvent is suitably a hydrocarbon such 
as hexane or heptane or an ether such as diethyl ether or tetrahydrofuran 
especially the latter. The reaction temperature is not critical, but it is preferred to 
carry out the reaction at from -10 to +10°C, especially ^5 to +5-°C. Reaction 
times are generally from 2 to 10 hours, under preferred conditions 4 to 6 hours. 

In process variant c), the reaction is suitably carried out under an inert 
atmosphere, e.g. under nitrogen, helium or argon or under ammonia gas. It is 
preferred to carry out the reaction in the presence of an inert organic solvent such 
as an ether, e.g. tetrahydrofuran or, especially, diethyl ether. The reaction 
temperature is not critical, but it is preferred to carry out the reaction at the reflux 
temperature of the system. Suitable reaction times are from 15 to 45 minutes 
13 under preferred conditions 25 to 35 minutes. 

In process variant d), the reaction may be carried out in an inert organic 
solvent such as an ether or a hydrocarbon. Suitable reaction temperatures are 
from 160 to 200°C, preferably 175 to 185°C. Suitable reaction times are from 3 to 8 
hours, under preferred conditions 4 to 6 hours. 
20 Process variant e) is preferably carried out at from 10 to 40° C, especially 20 to 

30 °C. Reaction times are generally from 30 minutes to lj hours. 

The compounds of formula I may be isolated from the reaction mixture, and 
purified, in conventional manner. 

The compounds of formula II may be prepared by a process which comprises 
25 reacting a compound of formula VI, defined above, with a compound of formula 

CH 3 M VII 

in which M signifies lithium, — MgCl, — MgBr or — Mgl, 

in a I\ inert organic solvent and in the absence of oxygen, and hydrotysing the 
30 resulting adduct. ^ e 

Suitable inert solvents are ethers such as diethyl ether or tetrahydrofuran and 
hydrocarbons such as benzene or toluene. The reaction is suitably carried out 
under an inert atmosphere such as nitrogen. When M is lithium, reaction 
temperatures are suitably from -20 to +25° C, preferably -5 to + 5 C C and reaction 

35 times are generally from 5 to 45 minutes, under preferred conditions 10 to 20 
minutes. When the compound of formula VII is a Grignard reagent the preferred 
temperature is from 10 to 20° C and reaction times are generally from 1 to 6 hours 
under preferred conditions 3 to 5 hours. Hydrolysis may be carried out in 
conventional manner, e.g. using water or an aqueous ammonium chloride solution 

40 The compounds of formula III may be prepared by reacting a compound of 

formula VI with a Grignard reagent of formula VIII, 

(CH 3 ) 3 SiCH 2 MgCl VIII 

in the presence of an inert organic solvent, followed by hydrolysis in conventional 
manner of the resulting adduct. 

45 Suitable inert organic solvents include tetrahydrofuran, heptane, hexane and, 

especially, diethylether. The reaction temperature is not critical, but is preferably 
the reflux temperature of the reaction mixture. Reaction times are generally about 
2 to 10 hours, under preferred conditions 4 to 6 hours. Hydrolysis is preferably 
effected with aqueous ammonium chloride solution in conventional manner 

50 The compounds of formula IV may be prepared by reacting a compound of 

formula IX, 



3 \ 

NCH,CH 2 

/ 2 v 

R x H 


V H 


I J- 


H 




. HO 


CH 2 S- 



*1 



rx 



in which Rj to R 4 are as defined above, 



with an alkyl (C M ) lithium compound in liquid ammonia under an inert 
atmosphere, followed by reaction of the product with benzoyl chloride in the 
presence of an inert organic solvent. 

The reaction with the alkyl lithium compound is suitably earned out at the 
reflux temperature of the system and under nitrogen and a suitable compound is 
butyllithium. Suitable inert organic solvents for the second step include 
tetrahydrofuran, heptane, hexane or especially, diethylether. The reaction 
temperature for the second step is conveniently from 10 to 40°C, especially from 
20 to 30° C. The reaction time for the second step is generally about 1 to 5 hours, 
under preferred conditions 2 to 3 hours. 

The compounds of formula IX may be prepared by reacting a compound ol 
formula VI with phenylthiomethyilithiurn under an inert atmosphere, in the 
presence of an inert organic solvent. The reaction is suitably effected under 
nitroeen helium or argon, and suitable inert organic solvents include diethylether, 
heptane' hexane and, especially, tetrahydrofuran. Suitable reaction temperatures 
are from 10 to 40°C, preferably from 20 to 30°C. Reaction times are generally 
from 15 to 30 hours, under preferred conditions 20 to 25 hours. 

The compounds of formula V may be prepared by treating a compound of 
formula VI with trimethyloxosuiphonium chloride, bromide, or, preferably, iodide, 
in admixture with sodium hydride and dimethyl sulphoxide. Suitable reaction 
temperatures are from 10 to 60°C, preferably 20 to 50 °C Reaction times are 
generally about 10 minutes to 2 hours, under preferred conditions 15 minutes to 
l± hours. 

The compounds of formula VI may be prepared by a process comprising 
cyclising a compound of formula X, 




CHj.-CH-CHj.-CH^W 




in which R 2 to R 4 are as defined above, and 

A signifies hydroxyl, straight chain alkoxy of 1 to 4 carbon atoms 
or chlorine. 

When A signifies hydroxyl or alkoxy, the cyclisation is preferably effected 
using a strong Lewis acid such as stannic tetrachloride, ferric chloride or titanium 
tetrachloride, or a strong mineral acid such as concentrated sulphuric acid or 
phosphoric or polyphosphoric acid. When a Lewis acid is used it is preferred to 
carry out the reaction in the presence of an inert organic solvent such as dichloro- 
methane, carbon tetrachloride, carbon disulphide or nitrobenzene; a solvent is not 
necessary when a mineral acid is used, but solvents such as mentioned above may 
be used When A signifies chlorine, the reaction is effected using a strong Lewis 
acid preferably in the presence of a solvent, as mentioned above. Suitable 
reaction conditions generally are form 20 to 150 o Q preferably from 100 to i20 o C 
Reaction times are generally about 2 to 10 hours, and under preferred conditions 

are about 3 to 5 hours. . rtm t , _ , * 

Compounds of formula X in which A signifies hydroxyl may be prepared by 

reducing a compound of formula XI, 




XI 



in which R x to R* are as defined above, 
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Reduction methods particularly suitable are hydrogenation in the oresence of 
a noble metal catalyst in the presence of an inert solvent aXeductfon by a ™ine- 
ammomum hydroxide system. In the hydrogenation reaction, suitable cataiste are 
paliadmm p at.tium and rhodium, and these may be neat or on ^support 2h 2 

a c^r°fJ U u^ lC SOlventS are a,kanoIs ofl to 4 = arb °" atoms such Khanol Tr 
tZ £ rfcf » n s ydTO f? n P ressures are conveniently about 35 to 100 psi, preferaWy 50 
25 to §5-C ft?™°f n tc "?P eratUreS are conveniently from 20 to 80°&, preferably 
fj°,„ 3 t 5 n y; 11 18 Preferred to carry out the reaction in the presence of a catalytic 
amount of an aqueous mineral acid such as hydrochloric, sulphuric or perch lor c 

EvH^Ii 15 ^ efer ^ d * ° St °P th ? reaction after ^sorption o? one equS n rof 
hydrogen. The reduction using zinc-ammonium hydroxide is suitablv carried out fn 

esoedalK * eto^^^"*?"' T h 35 a l0Wer a ' kano1 ' e "S- methanol or" 
oreferabYv 75 to m£S rCa ? tl0n tem P era t«^s are from 60 to 100°C 
preteraoly 75 to 85 C. Reaction times are generally from about 24 to 48 hours 
under preferred conditions 28 to 30 hours nours, 

orenrrerf C frZX d f^ f ° rrnula X ir ? wh i ch A si * nifies chlorine or a,k ^y may be 
prepared Irom the acids m conventional manner. 

formula 3 XIi mPOUndS ° f XI may be P re P ared b ? ^yclising a compound of 




NHR, 



OH 



CH 2 CH 2 N 



/ 



XII 



10 



15 



20 



25 



30 



in which R± to R f are as defined above, and 

-ru t* signifies alkyl of 1 to 4 carbon atoms. 

The cyclization is preferably effected by heating the compound of formula 
.XII, conveniently at about 60 to 220°C, preferably at 140 to 160°C, for about 15 to 
48 hours, under preferred conditions 20 to 28 hours. The compound of formula XII 
may be heated in an inert organic solvent such as tetrahydrofuran, or a 
hydrocarbon or halogenated hydrocarbon such as hexane, heptane, benzene, 
toluene or o-dichlorobenzene. It is preferred to heat the compound of formula XII 
under an inert atmosphere, e.g. under nitrogen, 

f T { le ^™P° unds of formula XII may be prepared by reacting a compound of 



25 



30 



X I 



H 



35 



Xll! 



in which R t and R 6 are as defined above, and 
with a compound of formula XIV, 



35 




xrv 



in which R ti R 3 and R 4 are as defined above, 
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in an inert organic solvent and under an inert atmosphere, followed by hydrolysis 
of the reaction product in conventional manner. 

Suitable solvents include diethyl ether, tetrahydrofuran, hexane, heptane 
benzene and mixtures thereof. The reaction is conveniently effected under 
nitrogen, suitably at a temperature from -30 to — 15°C, preferably -25 to -20°C. 
Reaction times are generally about 1 to 3 hours. The compound of formula XIV is 
preferably added in solution in the inert solvent to a cold (-30 to -15°C) inert 
organic solvent solution of the compound of formula XIII. The hydrolysis is 
preferably effected with aqueous ammonium chloride solution in conventional 
manner, preferably at a temperature of from —15 to — 5°C. 

The compounds of formulae II, III, IV, V, VI, IX and X exist in acid addition 
sait form and may be prepared from the corresponding free bases and vice versa in 
conventional manner, and may be used in salt form in the various reactions 
described herein. The compounds of formulae II, III, IV, V, VI, IX, X, XI and XII 
may be isolated and purified using conventional techniques such as crystallization, 15 
evaporation of filtration. Certain of the compounds of formulae VII, VIII, XIII and 
XIV are known and may be prepared by methods described in the literature, and 
those compounds whose preparation is not specifically described may be prepared 
by known methods or methods analogous to known methods from known starting 
materials. 20 

The compounds of formula I possess pharmacological activity. More 
particularly, they possess antidepressant activity as indicated, e.g. by their activity 
in mice administered a compound intraperitoneally and tested according to the 
method basically as described by Spencer, P.S J., Antagonism of Hypothermia in 
the Mouse by Antidepressant Drugs, pp. 194 — 204, Ed. S, Grattini and MJSLG. 25 
Dukes Ekcerpta Medica Foundation, 1967, and by their activity in cats tested for 
the compound's effect on 5-hydroxytryptophan and 1-tryptophan induced spinal 
monosynaptic reflex transmission, basically as described by Anderson, e.g., and 
Shibuya, T„ The effects of 5-Hydroxytryptophan and 1 -tryptophan on Spinal 
Synoptic Activity, pp. 352 — 360, X of Pharm. and Exp. Therapeutics, VoL 1 53, No. 30 
2, 1966. The compounds are accordingly indicated for use as anti-depressants. 

For such use, the indicated total daily dosage is in the range from 3 to 600 mg, 
conveniently administered 2 to 4 times a day in unit dosage form in which the 
amount of compound of formula I is in the range from 0.75 to 300 mg, or in 
sustained release form. 35 

A particularly interesting compound of formula I is 10-(2~dimethylamino- 
ethyl)- 1 0, 1 l-dihydro-5-methyIene-5H-dibenzo[a,d]cycloheptene. 

For the above indicated use the compounds of formula I may be administered 
in pharmaceutical^ acceptable acid addition salt form* Such salt forms possess the 
same order of activity as the free base forms, and are readily prepared by reacting 40 
the free base with an appropriate acid, and accordingly are included within the 
scope of the invention. Suitable such salt forms include mineral acid salts such as 
the hydrochloride, sulphate and phosphate, and organic acid salts such as the 
succinate benzene-sulphonate and maleate. 

The compounds of formula I exist as optica! isomers. Such isomers may be 45 
resolved in conventional manner. 

The invention also provides a pharmaceutical composition comprising a 
compound of formula I, or a pharm aceutically acceptable acid addition salt 
thereof, in association with a pharmaceutical^ acceptable carrier or diluent. A 
suitable pharmaceutical form is a capsule containing the active compound. 50 

A representative group of the compounds of formula I is that in which K x is in 
the 2-position, R 2 is in the 7-position and R 3 and R A are as defined above. 

The compounds of formula VI (and a number of analogues thereof) and 
processes for their preparation, are described and claimed in our co-pending 
application number 28237/75 [Specification number 1,419,682]. 

The following Examples 3 to 7 and 10 illustrate the invention. 



55 



EXAMPLE 1. 

2-(/}-[2-DimethyIaminoethyl]-/5-hydroxyphenethyl)-N-methyIben2amide (compound 
of formula XII) 

To a flask equipped with a stirrer, dropping funnel, condenser and gas inlet 60 
tube maintained under a nitrogen atmosphere there is added at room temperature 
40.4 g (0.28 mole) of 0-methyl-N-methyl benzamide and 250 ml of anhydrous 
tetrahydrofuran. The reaction flask is immersed in an ice bath and cooled to an 
internal temperature of 5°C. Stirring is initiated and 360 ml of 1.6 M n-butyllithium 



10 



60 
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(0.616 mole) in hexane is added dropwise for about I hour maintaining the 
temperature below 8°C. The resulting red dilithio salt is stirred at 5»C fo? one 
additional hour and the reaction flask is then immersed in a dry-ice acetone bath 
and cooled to an internal .temperature of -30°C. To the cold reaction mixture a 
solution of 49.7 g (0.28 mole) 3-dimethylaminopropiophenone i^ ' 140 mf of 
anhydrous tetrahydrofuran is added dropwise in 6a. 45 minutes maintaininfi the 

T¥vr£ 5 e h tW6en ,T 3 ° 5 + and - 2 °° C T £ e rcsultin e reaction mixture U stirred 
wn i r h * 0ur J ^ l0Wed t0 warm to - 10 C in ca - 1 hour > a " d then treated with 
200 ml of saturated aqueous ammonium chloride while maintainine the 
temperature below 0°C. The resulting solid is filtered, washed thoroughly with 
water and recrystalhzed from methylene chloride-ether (1;1 v/v) to give 2-ffl-f2- 
Sv>r Iammoe tM>/S-hydroxyphenethyl)-N-methylbenzamide; m.p 139 5 to 



. „ . uuw uvtr annyurous magnesium sulfate and 

evaporated in vacuo The residue is dissolved in isopropantl, and treated with 
gaseous hydrogen chloride. The resulting precipitate fs filtered and I rec^SalS 

4S a?£a lS °&°£l noi r° l 1 ^,^ intermediate 10.(2-dimethylaminoethyl)-I0 1 1- 
45 dihydro-5HKiibenzo[a,d]cyclohepten-5-one hydrochloride; m.p, 188— 190°C 

hollowing the above procedure and using an equivalent amount of ferric 
chloride in p ace of polyphosphoric acid, there is obtained the identical product. 

Similarly using ferric chloride and 2-(M2-dimethylaminoethvll- 
P h enethyl)benzoic acid chloride in place of 2-(fl-[2-dimrthXnino. 
^a!n P ed CnC y > Z ° iC ^ h y droch,orit £ the identical product is ^S 
Following the above detailed procedure but usinc 16 3 e of 2-frt~F?-rfiTYif*tW! 
ammoethyl]phenethyl)benzoic aciS ethyl ester in pface of g of 2-(M2- 

dmiethylaminoethyl]phenethyl)benzoic acid hydrochloride, there is again 
55 obtained the identical product. again 

c) 1 0-(2-Di methy Iaminoethyl). 1 0, 11 -dihydro-5-meth y!-5 H-dibenzo la,d] cyclohep 
ten-5-ol (compound of formula II) wwuirep 
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is , ™ ^. L . - EXAMPLE 2. 

formula XI) amm0ethy11 " 3 ' 4 " dihydr ° " 3 " P hen y Ii5 °«>umarin (compound of 15 
To a flask equipped with a stirrer, condenser and gas inlet tube maintained 
under a nitrogen atmosphere there is added at room temperature 16 3 e (0 05 

£#. ! ? i n if °- dlc Worobenzene Stirring is initiated and the mixture is heated at 20 
•reflux for 18 hours The excess o-dichlorobenzene is then removed by distillation to 

S fl^S Sal ^ m \ S cr y staIli ?^ from ether to give 3-[2-dimethKno^ 
ethyl]-3,4-dihydro-3-phenylisocoumarin; m.p. 95.0— 95.5°C. 

25 ~- , , EXAMPLE 3. 

10-(2-Dimethylaminoethyl)-10,I l-dihydro-5-methylene -5H-dibenzo[a,d] cyclohep- 25 
tane (process variant a)) i-jv/wuhs^ /;> 

a) 2 ^ f "[?;^f ^ ,aminoeth y |] P heneth y 1 > be nzoic acid hydrochloride (compound 

30 nh A solution of 14.75 g (0.05 mole) of 3<2-dimethyIaminoethyl)-3,4-dihydro-3- 

fcr^ C t°Tf SI" 1 ■ 15 °i nL ethano1 c °ntaining I g 10% palladium on charcoal is 30 
fe na ^ at 50 PSi and room temperature until one equivalent of hydrogen s 30 
absorbed. The mixture is filtered, and evaporated to give the intermediate 2- f 2 
dimethylammoethyl]phenethyl) benzoic acid hydrochloride; m.p. 152° to 154°C. 

35 b) I ^:P i ^ et ^ laminoeth y^ 1 °. I l-dihydro-5H-dibenzo[a,dJ cyclohepten-5-one 

■» hydrochloride (compound of formula VI) H « 

1. A *uTi xture - of i 4 .' 7 ! K < 0 005 mo,e ) of 2-(/5-[2-dimethyiaminoethvn 

£ : 110° S £r K d i& dr ^ hIOrid . e "I? 150 e ,° f PoJyPhosphoric acid is healed 
at 110 C tor 6 hours aUowed to cool and poured on to crushed ice with stirrine 
The resulting solution is cooled on ice and made basic by the addition of solS 
Potassium hydroxide, and extracted with methylene chloride. The me?hylene 40 
chloride is washed with water, dried over anhydrous magnesium sulfate and 
evannrafp.fi in vnrtm Th* ;„ j:, 1 1 • ■ s , *uiu 



45 



50 



55 



^t». J° ?« 8 S-K tlon °r f i? 4 e,(? 07 mo'e) of lO-(2-dimethy3aminoethyl)-]0 11- 
dihydro-5H-dibenzo JMJ cyclohepten-5-one in 200 ml of diethylether, under 

"' tr ^ e 5' 5 00led - to "K C ' 70 ml of 1 - 5N methyllithium (0. 105 mole) in diethvlethlr fiO 
added dropwise with stirring, maintaining the temperature below 0 ' C and 15 
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minutes after the addition is complete, the reaction is quenched by the addition of 
50 ml of saturated ammonium chloride solution. The organic layer is separated, 
extracted with saturated sodium chloride solution, dried over anhydrous 
magnesium sulfate and evaporated. The crystalline residue is recrystallized from 
5 methylenechloride-methanol (1:1 v/v) to give the intermediate 10-(2-di methyl- 5 
aminoethyl)-10,l l-dihydro-5-methyI-5H-dibenzo [a,d]cyclohepten~5-ol; m.p. 
161.5° to 162°C,. 

Following the above procedure and using an equivalent amount of methyl- 
magnesiumchloride in place of methyllithium at room temperature instead of 0°C 
10 for 3 hours instead of 15 minutes, the identical product is again obtained. 10 

d) 10 - (2 - Dimethylaminoethyl) - 10,11 - dihydro - 5 - methylene - 5H - dibenzo 
[a,dJcycloheptene (compound of formula I) 

A mixture of 8 g (0.027 mole) of I0-(2-dimethyIaminoethyI)-10,l I-dihydro-5- 
methyl-5H-dibenzo[a,d)cyclohepten-5-oI and 250 ml 2M sulfuric acid is refluxed 

15 for 2 hours. The mixture is cooled in ice and made basic by the addition of solid 15 

potassium hydroxide. The mixture is extracted with methylene chloride. The 
methylene chloride is washed with water, dried over anhydrous magnesium sulfate 
and evaporated in vacuo. The oily residue is distilled at 140°C/0.5 mm and the 
distillate is dissolved in ethanol and treated with maieic acid. The precipitate is 

20 filtered and recrystallized from diethylether-ethanol 1:1 to give the product I0-(2- 20 
dimethylaminoethyl)- 10, 1 l-dihydro-5-methylene-5H-dibenzota 4 d]cycloheptene, in 
maleate salt form; m,p, 171 — 172°C, 

Following the above procedure and using an equivalent amount of ferric 
chloride in place of sulfuric acid, there is obtained the identical product. 

25 EXAMPLE 4. , 25 

a) 10 - (2 - Dimethylaminoethyl) - 10, 1 1 - dihydro - 5 - trimethylsilylmethyl - 5H - 
dibenzo [a,d] cyclohepten - 5 - ol (compound of formula III) 

A Grignard reagent is prepared by conventional techniques from 12.2 g (0.1 
mole) of trimethylsilylmethyl chloride and 24.3 g of magnesium metal (0.1 g atom) 

30 and 200 ml of ether. The resulting solution is treated with 27.9 g (0. 1 mole) of l0-(2- 30 
dimethylaminoethyl)-1041^dihydro-5H-dibenzo[a — d]cyclohepten-5-one in 100 
ml of ether. Stirring is initiated and the mixture is heated at reflux for 5 hours, then 
cooled in ice and hydrolyzed with 150 ml of saturated ammonium chloride. The 
layers are separated and the ether dried over anhydrous magnesium sulfate and 

35 evaporated to give 10-(2»dimethyIaminoethyl)-10 ) ll-dihydro-5-trimethylsi]yl- 35 
methyi-5H-dibenzo[a,dIcyclohepten-5~oJ. 

b) 10 - (2 - dimethylaminoethyl - 10,1 1 - dihydro - 5 - methylene - 5H - dibenzofa^d] 
cyclohepten (compound of formula I, process b)) 

A suspension of 24 g (0.1 mole) of sodium hydride in 200 ml of tetrahydro- 
40 furan is cooled to 0 G C and is added to a solution of 36.7 g (0.1 mole) of I0-(2- 40 
dimethylaminoethyl)-10,ll-d!hydro-5-trimethyIsilylmethyl-5H-dibenzo[a,djcycIo- 
hepten-5-ol in 200 ml of tetrahydrofuran while maintaining temperature at 0°C 
After the addition is complete, the mixture is heated to reflux for 5 hours. The 
resultant mixture is cooled to 0°C and treated with 15 ml of methanol to remove 
45 any unreacted sodium hydride and the solvents are removed in vacuo. The oily 45 
residue is distilled at 140°C/0.5 mm and the distillate is dissolved in ethanol and 
treated with maieic acid. The precipitate is filtered and recrystallized from diethyl- 
ether-ethanol (1:1 v/v), to give 10-(2-dhnethylaminoethyl)-10,l l-dihydro-5- 
methylene-5H-dibenzo [a,d]cycloheptene in maleate salt form; m.p. 171 — 172°C 

50 EXAMPLE 5. 50 

a) 10 - (2 - Dimethylaminoethyl) - 10,11 - dihydro - 5 - phenylthiomethy! - 5H - 
dibenzo[a,d] cyclohepten - 5 - benzoate (compound of formula TV) 
A solution of phenylthiomethyllithium (0.5 m) is prepared by reacting 6.22 g 
(0.05 mole) of thioamsole in 72 ml of dry tetrahydrofuran with 22.0 ml of 2.3M 

" solution of phenyllithium for 15 hours at room temperature under nitrogen. A 55 
solution of 1.94 g (0.007 mole) of 10-(2-dimethylaminoethyl)-l0,i l-dihydro-5H- 
dibenzo[a,d]cyclohepten-5-one in 40 ml of tetrahydrofuran is added to a 42 ml 
(0,021 mole) portion of the phenylthiomethyllithium with ice-cooling. Stirring is 
initiated at room temperature for 24 hours. The resulting 10-(2<iimethylamino- 

60 ethyl)-10,l i-dihydro-5'pheny]thiomethyl-5H-dibenzo[a,d]cycloheptene-5-ol is 60 
then poured on to a saturated salt solution and extracted with ether and the ether 
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solution dried over anhydrous magnesium sulfate. The ether solution is cooled in 
ice and treated with 4.5 ml of n-butyllithium in hexane (1.54 M solution 0.007 ice 
and 0.96 ml (0,008 mole) of benzoyl chloride in 10 ml ether is then added. The 
mixture is stirred for 3 hours at room temperature, diluted with ether and washed 
5 with water, saturated with sodium bicarbonate and then washed again with water. 5 
The ether is dried over anhydrous magnesium sulfate, Filtered and evaporated and 
the residue purified to give 10-(2-dimethylaminoethyl)-10,li-dihydro-5' 
(phenylthiomethyI-5H-dibenzo[a,d]cyclohepten-5-benzoate, 

b) 10 - (2 - Dimethylaminoethyl) - 10,11 - dihydro - 5 - methylene - 5H - dibenzo ■ 

1U [a,d]cycloheptene (compound of formula I, process c)) \o 

To a refluxing solution of 0.28 g of lithium- (0.4 mole) in 150 ml of liquid 

ammonia under nitrogen there is added a solution of 2.29 g of I0-(2-dimethyl- 

aminoethyl)-10,ll-dihydro-5-phenylthiomethyl-5H - dibenzo[a,d]cyclohepten - 5 - 

benzoate (0,004 mole) in 50 ml of ether over about 30 minutes. Reflux is continued 

for an additional 30 minutes and then the mixture is hydrolyzed by the addition of 15 

ammonium chloride in small portions. The ammonia is evaporated while ether is 

added in small portions. The resulting mixture is added to water, the layers 

separated and the ether washed with IN sodium hydroxide and water, dried over 

anhydrous magnesium sulfate, filtered and evaporated. The residue is dissolved in 

ethanol and treated with maleic acid. The resulting precipitate is filtered and 20 

recrystallized from diethylether-ethanol (1:1 v/v) to give 10-(2-dimethylamino- 

ethyl)'10,ll-dihydro-5-methylene-5H-diben2o[a,d]cycloheptene; m.p. in maleate 
salt form 171— 172° C. 

„ EXAMPLE 6. 

25 a) 10 - (2 - Dimethylaminoethyl) - 10,1 1 - dihydrospiro [dibenzo [a,d]cyclohepten- 25 

5,2' - oxirane. (Compound of formula V) 

A mixture of 27.6 g. of sodium hydride (0.12 mole) and 26.4 g of 
tnmethyloxosulfomum iodide is treated slowly with 200 ml of dim ethylsu If oxide 
™ l?? 1 ! 16 IS mitiated and a vigorous evolution of H 2 ensued, which stops after the 

30 addition was complete. The resulting mixture is then treated with 27 9 g (0 01 

mole) o^f 1 0-(2-dimethylaminoethyI)- 10,1 i-dihydro-5H-dibenzo[a,d]cyclohepW-5- 
one in 50 ml of dimethyisulfoxide. The reaction mixture is stirred for 15 minutes at 
room temperature and then at 50*C for 1 hour. The reaction mixture is then 
cooled and treated with a three fold excess of ice/water and extracted with ether 
35 1 he ether is washed with water, dried over anhydrous magnesium sulfate, filtered 

and evaporated The residue is purified to give 10<2-dimethylaminoethylV 10,11 - 
dihydrospiro [dibenzo] cyciohepten-5 ,2'-oxirane] . 

b) 10 - (2 - Dimethylaminoethyl) - 10,11 - dihydro - 5 - methylene - 5H~dibenzo- 
[a>d]cycIoheptene (Compound of formula I, process d)) 

<a-u A m r Ixt * re Q / l 293 8 of . 10-(2-dimethylaminoethyl)»10,lNdihydrospiro- 40 
[dibenzota^lcyclohepten-S^'-oxirane] (0.1 mole) and 26,2 e of 
tnphenylphosphine is heated at 180°C for 5 hours. The mixture is cooled and 
treated with water and ether. The layers are separated and the ether washed with 
water, dried oyer anhydrous magnesium sulphate, filtered and evaporated. The 
residue is distilled at 140°C/0.5 mm and the distillate is dissolved in ethanol and 
treated with maleic acid. The precipitate is filtered and recrystallized from 
diethy ether-ethanol (1:1 v/v) to give 10-(2-dimethylaminoethyl)-10,l I-dihydro-5- 
methyiene-5H-dibenzo[a,d]cycloheptene maleate, m,p. 171— 172°C 

EXAMPLE 7. 

10 - (2 - Dimethylaminoethyl) - 10,11 - dihydro - 5 - methylene - 5H - dibenzo- 50 
[a,dJcycloheptene (process e)) 

A mixture of 2 3 g (0.1 mole) of sodium hydride and 50 ml dimethylsulfoxide 
w are heated at 75— 80° C until hydrogen evolution has ceased. The mixture is cooled 
w i"™ n *f e :^ h ™ d 35-7 g (0.1 mole) of methyl triphenyl phosphonium bromide in 
» 100 ml dimethyl sulfoxide is added. The resulting solution is stirred at room ss 

^? e 5£ u 5P fo / T T 10 ^ inute r s ' T, hei \ 2 7- 9 £ (° A mol e) of 10^(2-dimethylaminoethylV 
y} 1 : dlh y dr f > " 5H : dlDenz °r^d3cyclohepten^5^one in 25 ml. of dimethyl sulfoxide is 
added and the mixture is stirred for one hour at room temperature then treated 
with a three fold excess of ice-water and extracted with ether. The ether extract is 
washed with water, dried over anhydrous magnesium sulfate, filtered and 60 
evaporated. The residue is distilled at 140°C/0,5 mm. and the distillate is dissolved 
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in ethanol and treated with maleic acid. The precipitate is filtered and 
recrystallized from diethylether-ethanol 1:1 to give 10-(2-dimethylaminoethylh 
I0J l-dihydro-5-methyIene-5H-bibenzora,d]cycioheptene maleate, m.p. 

171— 172°C. 

EXAMPLE 8. 

2-(A-[2-DimethylaminoethylIphenethyl)benzoic acid, (compound of formula X) 

To a well stirred suspension of 45 g of zinc dust, 90 ml of concentrated 
ammonium hydroxide, 45 ml of water and 2 ml of cupric sulfate maintained at 
80°C there is added 14.75 g (0.05 mole) of 3<2-dimethyIaminoethyl)~3,4-dihydro-3- 
phenylisocoumarin in 50 mi ethanol for about 30 minutes. The resulting mixture is 
heated at 85 °C for 30 hours while a slow stream of ammonia is passed through. The 
mixture is filtered while under heat and the solids washed thoroughly with 100 ml. 
of hot ammonium hydroxide* The combined filtrates are cooled and carefully 
acidified with concentrated hydrochloric acid to give 2-(M2-dimethylamino- 
ethyl]phenethyl)benzoic acid, m.p. as hydrochloride 152 to 154°C. 

EXAMPLE 9. 

2-(/3-[2"dimethylaminoethylIphenethyl)benzoic acid ethyl ester (Compound of 

formula X) r _ _ ... . 

A solution of 29.7 g (OA mole) of 2-(/5-[2-dimethylaminoethyllphenethyl)- 

benzoic acid in 200 ml of ethanol is saturated with gaseous hydrogenchlonde, and 
the resulting mixture is refluxed for 18 hours. The solvent is removed in vacuo and 
the residue is partitioned between ether and 2N sodium hydroxide. The ether 
extract is dried and evaporated in vacuo to give 2-(/J-[2-dimethyIaminoethyll- 
phenethyl)benzoic acid ethyl ester. 

EXAMPLE 10. 

10 - (2 - Dimethylaminoethyl)-10,ll-dihydro-5-methylene-5H-dibenzo£a,dJcyclo- 

To^rntxture of 5 g of 10-(2-dimethylaminoethyl)-10,ll-dihydro.5-methylene^ 
5H-dibenzoIa,d]cycloheptene maleate m 150 ml of methylene chloride there is 
added 50 ml of 2N-sodium hydroxide, the mixture is shaken, the methylene 
chloride is dried, filtered and evaporated in vacuo to give 10~(2-dimethylamino~ 
ethyl>-10,l l-dihydro-5-methylene-5H-dibenzoEa,d]cycioheptene. 

WHAT WE CLAIM IS:— 

1 , A process for the production of compound of formula I, 



R 3 



\ 



NCH 2 CH 2 




in which R x signifies hydrogen or fluorine 

R 2 signifies hydrogen or fluorine, and 

R 3 and R 4 independently signify methyl or ethyl, 

which comprises 

a) dehydrating a compound of formula II, 
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in which R, to R 4 are as defined above, r # 

b) treating with sodium hydride, in the presence of an mert organic solvent, a 
compound of formula III, 
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in which R, to R 4 are as defined above, 

c) treating with lithium, in the presence of liquid ammonia and in the absence 
of oxygen, a compound of formula IV, 



R 3 




\ 




KCH a CH 2 

■ / 




H 


R 2 - 





H 



VJ 



H 



in which R, to R 4 are as defined above 

d) treating with triphenylphosphine a compound of formula V, 



NCH 2 CH 2 




in which R, to R 4 are as defined above, or 

h,* e) l reating m ? hyltriphenyjphosphonium bromide and sodium hydride 
the presence of dimethyl sulphoxide, a compound of formula VI nyanae < 



in 



NCH 2 CH 2 




IV 



in which R, to R* are as defined above. 

2. A process for the production of a compound of formula I, stated in Claim 1 
which comprises dehydrating a compound of formula II, stated in Claim 1. 

3. A process for the production of a compound of formula I, stated in Claim 1 
which comprises treating with sodium hydride, in the presence of an inert organic 
solvent, a compound of formula III, stated in Claim L 

4. A process for the production of a compound of formula I, stated in Claim 1 
which comprises treating with lithium, in the presence of liquid ammonia and in 
the absence of oxygen, a compound of formula IV, stated in Claim 1, 

5. A process for the production of a compound of formula I, stated in Claim 1 
which comprises treating with triphenylphosphine a compound of formula V 
stated in Claim L 
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6 A process for the production of a compound of Formula I, stated m Claim 1 , 
which comprises treating with methyltriphenylphosphonium bromide and sodium 
hydride, in the presence of dimethyl sulphoxide, a compound of formula VI, stated 

in Claim L f , , , , , . it . «... • c 

5 7. A process according to Claim 2, in which the dehydration is effected using a S 

dehy g r ^ pfocf ^according to Claim 2 or 7, in which the dehydration is effected at 
a temperature of from 50°C to the reflux temperature of the reaction mixture. 
9: A process according to Claim 3, in which the inert organic solvent is a 

10 hydrocarbon or an ether. . 10 

10. A process according to Claim 3 or 9, in which the reaction is effected at a 

temperature of from —10 to -f-10°C. . 

11. A process according to Claim 4» in which the reaction is effected in the 
presence of an inert organic solvent. 

15 12. A process according to Claim 4 or 1 1, in which the reaction is effected at 15 

the refiux temperature of the system. . . 

13. A process according to Claim 5, in which the reaction is effected m the 
presence .of an inert organic solvent. . 

14 A process according to Claim 5 or 13, m which the reaction is effected at a 
20 temperature of from 160° to 200°C. ^ . 

15. A process according to Claim 6, in which the reaction is effected at a 
tempreature of from 10° to 40°C. . 

16, A process according to Claim 1, substantially as hereinbefore described 

with reference to the Examples. m 
25 17, Compounds of formula I, whenever prepared by a process according to 25 

any preceding Claim. 1 

18. Compounds of formula I, as defined m Claim 1. _ 

19. Compounds of formula I, as defined in Claim 1, in which K t is in the 2- 

position and R z is in the 7-position. 

20. 10-{2~dimethylaminoethyl)-10, 1 l-dihydro-5-methylene-5H-dibenzo-[a,dJ- 30 

CyCl 2*} e A^mpound of formula I, according to any one of Claims 17 to 20, in acid 

addition salt form. . , fitf , T . 

22 A pharmaceutical composition comprising a compound of formula I, in 
35 free base or pharmaceutical^ acceptable acid addition salt form, in association 35 
with a pharmaceutically acceptable carrier or diluent 

23. A pharmaceutical composition according to Claim 22, substantially as 

hereinbefore described. 

B, A. YORKE & CO., 
Chartered Patent Agents, 
98 The Centre, Feltham, Middlesex TW13 4EP, 
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